Garden cress (Lepidium sativum L.) is one of the aromatic plant species of Ethiopia containing edible oil with several medicinal implications. Grain yield and oil content of garden cress are usually low, depending on genetic variability and other important characters with these traits. Hence, the objectives of this study were to investigate genetic variability and association among characters. Forty nine garden cress genotypes were tested using randomized complete block design at Debre Zeit Agricultural Research Center, Ethiopia during the main cropping season of 2011. The analysis of variance showed highly significant (p≤0.01) difference among the studied genotypes for all characters, except for fatty oil content, indicating the existence of variability and the potential for selection and improvement within characters. High phenotypic and genotypic variation was recorded for harvest index, seed yield per plant, biomass yield per plant and biomass yield per plot. Seed yield per plot had the highest heritability value. Path coefficient analysis at both phenotypic and genotypic levels showed that number of seeds per plant, days to flowering initiation, biomass yield per plant, harvest index and 1000 seed weight had strong direct effect on seed yield. This indicates that breeding programs should be based on these traits for further improvement of the crop.
INTRODUCTION
Garden cress (Lepidium sativum L.) is an annual, aromatic erect herb that belongs to the family Brassicaceae/Cruciferae (Jonsell, 2000; Schlegel, 2009) . Its common name can be one of the following English terms garden cress, common cress, pepper weed, garden pepperwort (Giacometti and Leon, 1994) . The Brassicaceae family has about 370 genera and 3500 species, and this family holds plants that have a wide range of agronomic traits and economic importance. Species in this family have a worldwide distribution and have the highest diversity in the Mediterranean region, West and Central Asia and parts of North America (Jonsell, 2000) . This popular herb is referred to as 'Feto' in Ethiopia. Because of the presence of four petals which are arranged in a cross-like appearance, botanically, this plant is a member of family "Brassicaceae" (formerly: "Cruciferae"). They are rich in their vitamin C content in addition of having vitamin A and B (DiCosta, 2011) .
The greater or lesser cleft of the basal leaves serve as a character to show the degree of variability mainly in Africa, a character which is controlled by a single incompletely dominant gene. There are also red, yellow *Corresponding author. E-mail: mebhel@yahoo.com. and black varieties of garden cress in terms of their seed color (Bermejo and Leon, 1994) . As it was reported by Jurgen et al. (1985) Povalijaeva classified L. sativum into three types (subvar. sativum, subvar. crispum and subvar. Latifolium) based on the anatomical features of the leaf, stem and root. Lepidium sativum is classified in the category of neglected and under-utilized horticultural crops (Bermejo and León, 1994) . It is one of the aromatic plant species of Ethiopia which contains considerable amount of essential (volatile) oil and is required for its medicinal values and other purposes (Asfaw and Demissew, 2009 ). The seeds contain edible oil and have been used as a spicy condiment in addition to its medicinal properties (Shehzad et al., 2011) . In addition, sprouts of garden cress are a very popular ingredient of salads and sand-witches in some regions of the world (Michalczyk et al., 2011) . The seeds of L. sativum are also used as a livestock drench for stomach-disorders, as a cure for human skin-disorders, chapped lips and sunburn, and for amoebic infection, in addition it is also used as an insect-repellant (Getahun, 1976) .
Though its cultivation and medicinal importance relates with the Ethiopian agriculture since long period of history, this medicinal plant is negligibly cultivated. Besides this, at present, the production of this crop species in terms of its yield per hectare is even not specifically known. One important factor restricting the production, utilization and development of better varieties of the plant type is very little information about its genetic diversity. The existence of genetic variability among population is the most important rationale for judicious selection and breeding of desired plant genotypes (Singh et al., 2005) . Knowing the degree of genetic variability and its magnitude is a prerequisite to develop a sound crop improvement program in any plant (Welsh, 1990) . Therefore, in order to sustainably and appropriately exploit this available neglected crop in the country detail evaluation of the accessions for different morphological, as well as agronomic traits like yield and oil content is necessary.
No apparent reports are available on genetic variability of garden cress either in Ethiopia or worldwide. Likewise there is only little information on the nature of interrelationships among characters that help in formulating efficient scheme of multiple trait selection for this plant. Thus, this study has been initiated in view of filling such information gap in relation to its genetic variability, character association and path coefficient analysis in 49 germplasm collections of garden cress for 15 characters.
MATERIALS AND METHODS

Experimental site
The field experiment was carried out at Debre Zeit Agricultural Research Center, Ethiopia during the main cropping season of the year of 2011. The research center is found at an altitude of 1860 meter above sea level (m.a.s.l) and it receives an annual rainfall ranging from 452.8 to 934.2 mm with an annual mean of 691.5 mm.
The mean annual temperature of this location is 19. 32°C and it has soil types of Vertisols, Mollisols and Alfisols.
Materials
For this study, forty nine garden cress germplasm collections were used. The accessions were collected by Institute of Biodiversity Conservation (IBC) of Ethiopia from diverse agro ecological locations of the country varying in altitude, rainfall, temperature and soil types. The list of the tested accessions is given along with their geographical origins in Table 1 .
Design and procedures
Randomized complete block design (RCBD) with three replications was used. Each genotype was sown in 1.5 m 2 (1.5 m × 1 m) plots. Each plot contained four rows with inter-row spacing of 25 cm and seeds were thoroughly and almost thickly sown in the row, but later, 10 days after germination (at true leaf stage) the plants in each row of the plots was thinned out as it should have about 15 to 25 cm gap from each other. For each genotype 1.5 g of seed per plot was used. The distance between replications was 1.5 m. The layout and randomization were done as per the standard procedure set by Cochran and Cox (1957) . Three weeding activities and two hoeing practices were carried out and no fertilizer and chemicals was applied. All pertinent crop management practices were implemented and the weeding activities were completed before 35 day after germination, because according to Shehzard et al. (2011) for obtaining higher yield of the garden cress, weeds may be controlled before 40 days after emergence as it was a critical period of competition.
Data collection
The following data were collected during the experimental time both from the whole plot and from the sample plants that were randomly selected from the middle two rows of each plot. Since there is no descriptor for L. sativum L., the descriptor of a related plant species of the same family viz. descriptor of Brassica carnata A. Braun was used.
On plant basis
Plant height at flowering (PHF): Height of five randomly taken plants during flowering period from each experimental unit was measured in centimeter from the ground to top of the plant and the average height was recorded.
Number of primary branches (NPB):
Number of productive branches extending from the main stem was recorded on five randomly selected plants.
Number of secondary branches (NSB): Number of branches extending from the primary branches was recorded on the same plants used to determine the number of primary branches.
Number of seeds per plant (NSP):
This was recorded as average total number of seed of five randomly taken plants from each experimental plot.
Seed yield per plant (SYP):
The average weight in grams of seeds adjusted 7% moisture content was obtained from five randomly selected plants on each plot. 
Biomass yield per plant (BYP):
The above ground biomass yield at the time of harvesting was determined in grams from five randomly taken plants.
On the whole plot basis
Days to flowering initiation (DFI): Number of days from date of sowing to date of some plants in each plot starts to bloom was determined.
Days to 50% flowering (DF): Number of days from the date of planting to the date on which about 50% of the plants in each plot produce flower was taken.
Days to maturity (DM):
The number of days from sowing to the date when the peduncles turned to yellow straw color was determined.
Seed yield per plot (SYPL):
Moisture adjusted seed at 7% (dry seed yield) from the possible total harvestable rows of each experimental plot was recorded in grams
Seed yield per hectare (SYH):
After the value of seed yield per plot converted into kg/ha.
Thousand seed weight (TSW):
The weight in grams of 1000 was randomly taken and 7% moisture-adjusted seeds from each experimental plot
Essential oil content (EOC):
The essential oil content in percentage was determined by hydro-distillation as per the standard procedure set by Guenther (1972) .
Fatty oil content (FOC):
Fatty oil content in percent (%) was determined from an oven dried 25 g composite seed samples. Then the Nuclear Magnetic Resonance Spectrometer reader (NMR) was used to measure the fatty oil content according to the International Organization for Standardization, number ISO 10565: 1992, (ISO, 2010)
Biomass yield per plot (BYPL):
The above ground biomass yield at the time of harvesting was determined in grams from each experimental plot viz. from the net plot size
Harvest index (HI):
The ratio of the moisture-adjusted seed yield per plant to the above ground biomass yield per plant was determined.
Data analysis
Analysis of variance (ANOVA)
The data collected for each quantitative trait were subjected to analysis of variance (ANOVA) as per the method of Gomez and Gomez (1984) using SAS computer Software program (SAS, 2002, Version 9.0). Homogenity test for the error variance was done before computing the analysis of variance. For significant difference among the treatments, mean separation was carried out using Duncan multiple range test (DMRT) at 5% levels of significance.
Estimation of variance components
The phenotypic, genotypic and environmental variances and coefficient of variation were estimated according to the methods suggested by Burton and Dorane (1953) as follows:
Estimation of heritability: Heritability (h 2 ) in broad sense for all characters was computed using the formula adopted by Allard (1960) .
Estimation of expected genetic advance: Genetic advance as part of mean (GA) for each character, assuming selection of the superior 5% of the genotypes, was estimated using the formula adopted from Johnson et al. (1955) .
Estimation of phenotypic and genotypic correlations:
Phenotypic and genotypic correlations between yield and yield related traits were estimated using the method described by Miller et al. (1958) .
Path coefficient analysis: Path coefficient analysis was worked out using the method suggested by Dewey and Lu (1959) using the phenotypic as well as genotypic correlation coefficients to determine the direct and indirect effect of yield related traits (yield components) on seed yield and oil contents of the seed based on the following relationship:
Where: rij = mutual association between the independent character (i) and dependent character viz. seed yield (j) as measured by the correlation coefficient. Pij = component of direct effects of independent character (i) and dependent character (j) as measured by the path coefficient and Σrikpkj = Summation of components of indirect effect of a given independent character (i) on the given dependent character (j) via all other independent character (k). The contribution of the remaining unknown factors (effect) was measured as the residual effect (RE) which is calculated as:
The magnitude of RE indicates how best the causal factors accounts for the variability of the dependent factor (Singh and Chaudhary, 1999) . That is if the value of RE is small (for instance near zero) the considered dependant character (for example seed yield) is fully explained by the variability of the considered independent character, whereas the higher RE value indicates effects some other factors which have not been considered, but need to be included in the model to account fully for the variation in the dependent character. Four different types of yields as seed yield per plot, seed yield per plant, fatty oil content and essential oil content were used as dependent characters separately for path coefficient analysis and the remaining characters were used as independent variables as required.
RESULTS
From the 16 studied traits, 15 of them showed a highly significant variation among the forty-nine garden cress genotypes ( Table 2 ). The observed highly significant values of the mean squares due to the genotypes for most of the traits indicate a sufficient genetic variability.
Variance components and coefficients of variation
Estimates of phenotypic, genotypic and environmental variances and phenotypic and genotypic coefficients of variation are given in Table 2 . The genotypic coefficient of variation ranged from 4.91% for fatty oil content to 37.18% for harvest index, whereas the phenotypic coefficient of variation varied from 6.17 to 39.77% for the same traits. However, two traits namely days to maturity (6.06%) and fatty oil content in percentage (4.91%) were accompanied with the relatively very low genotypic coefficients of variation (GCV).
Heritability and genetic advance
Estimate of heritability for the traits under study is given in Table 2 . The magnitude of the estimated broad heritability in this study ranged from 61.01%
for fatty oil content to 97. 23% for seed yield per plot. The existence of relatively high heritability in a given trait indicates the presence of more additive gene effects for possible improvement. Generally, high heritability was coupled with relatively high genetic coefficient of variation for almost all traits except for days to maturity and fatty oil contents. The magnitude of genetic advance, at 5% selection intensity, along with the corresponding genetic advance as percent of mean was estimated and presented in Table 2 . There was relatively high genetic advance for such traits as, seed yield per hectare, biomass yield per plot, number of seeds per plant, seed yield per plot, number secondary branches and biomass yield per plant. Therefore, selection based on these traits could predict the performance of the progenies.
Association among the traits
Since seed yield per hectare (SYH) was the derivative or direct conversion of seed yield per plot, correlation analysis was done only for 15 traits. Table 3 summarizes both genotypic and phenotypic correlation coefficients between all possible pairs of the fifteen traits based on the analyzed value for the studied Ethiopian L. sativum L. genotypes. Seed yield had positive and highly significant genotypic association with number of seeds per plant, harvesting index, number of secondary branches, days to maturity, thousand seed weight, biomass yield per plant, and biomass yield per plot. It also exhibited positive and significant genotypic associations with days to flowering initiation and number of primary branches whereas it had negative and highly significant genotypic correlation with plant height at flowering.
The phenotypic correlation revealed that seed yield showed positive and highly significant association with number of seed per plant, number of secondary branches, days to maturity, thousand seed weight, harvesting index, biomass yield. It has also shown positive and significant phenotypic correlation with number of primary branches and days to flowering initiation. But it had shown negative and significant association with days to flowering.
The genotypic correlation among other traits showed days to flowering to have positive genotypic and highly significant association with days to maturity, biomass yield per plot, and biomass yield per plant, and showed positively significant correlation with plant height at flowering. This suggests that dwarf plants were early in flowering. It had negative and highly significant correlation with thousand seed weight and exhibited negative and significant correlation with harvesting index. Plant height at flowering did not show any positive genotypic association at 1% probability level, but it showed positive genotypic association with days to maturity. It showed negative genotypic correlation at 5% probability level, with number secondary branches, biomass yield per plot and biomass yield per plant.
Path coefficient analysis
The genotypic direct and indirect effect of different traits on seed yield is presented on Table 4 . Seed yield per plant, biomass yield per plant and harvest index exerted positive and highly significant direct effect on seed yield. In addition, biomass yield per plot followed by days to maturity, fatty oil content, numbers of primary branches, number of seeds per plant, days to flowering initiation, and thousand seed weight also showed relatively high positive genotypic direct effect on seed yield. Seed yield per plant, thousand seed weight and fatty oil content on seed yield per plot exerted an effect via harvest index. Harvest index by itself, in turn along with essential oil content and number of seeds per plant exerted strong effect on seed yield per plot through seed yield per plant. In the same way, biomass yield per plot, days to maturity, number of primary and secondary branches exhibited the maximum positive indirect influence passing through biomass yield per plant. Then again, there was negative direct genotypic path effect exerted by the trait plant height at flowering and days to flowering on seed yield per plot; as the two traits had negative correlation coefficient values with seed yield per plant (Table 3) .
The residual effect value (Rg = 0.48) indicates that characters included in the genotypic path analysis explained 52% of the total variation in seed yield which indicates that there may be some more components that are contributing to seed yield.
DISCUSSION
Generally, in this study, for all traits the values of phenotypic variance (σ 2 p) exceeded that of genotypic variance (σ 2 g), though the difference is small. This indicates that environmental variance (σ 2 e) had its own contribution on the performance of the traits in addition to genotypic variance. In line with this Mengesha and Alemaw (2010) reported a higher value of genotypic coefficient of variability for most of the traits in Ethiopian coriander accessions except for days to maturity, 100-seed weight and plant height. Petros (2008) also reported a wide range of variability among niger (Guizotia abyssinica) particularly from those that were collected from Wello and Hararge for days to maturity, plant height, days to 50% flowering and days to flowering initiation. They also found oil content and seed weight to have narrow range of variability.
From the result it is possible to conclude that the variability in this study was mainly due to genotypic variance. Genetic coefficient of variation together with heritability estimates would give the best indication of the amount of gain due to selection. Therefore, there could be a better chance for improvement of the above traits with the relatively highest value genotypic coefficient of variation.
Genetic coefficient of variation provides information on the genetic variability present in various quantitative characters, but it is not possible to determine the amount of the variation that was heritable from only the genotypic coefficient of variation. It is the indication of the effectiveness with which selection of genotypes can be based on the phenotypic performance (Johnson et al., 1955) .
According to Dabholkar (1992) heritability estimates are classified as low (5-10%), medium (10-30%), high (30-70%) and the highest for the value greater than this. An estimate of heritability is essential for applying optimum breeding strategy. In this study traits like seed yield per plot, seed yield per plant, harvesting index, days to flowering initiation, biomass yield in gram per plot, plant height at flowering, numbers of secondary branches, number of seeds per plant, days to maturity, essential oil content, thousand seed weight and number of primary branches had very high heritability. Similar result was reported in 49 Ethiopian coriander accessions in which broad sense heritability of more than 50% was obtained for most of the studied quantitative traits (Mengesha and Alemaw, 2010) . In the study carried out on Brassica carinata by Delesa (2006) heritability estimates were high for days to maturity, days to flowering, 1000-seed weight, plant height, biomass per plot, seed yield per plot and oil yield per plot. For the traits with highest heritability that is close to 1 phenotype is a good index of genotypic merit, so genetic gain can be made easily through selection (Johnson and Frey, 1967) . Therefore heritability determines the effectiveness of selection, though the effectiveness of selection for a given trait depending on relative importance of both genetic and environmental factors in the expression of phenotypic differences among genotypes in a population.
According to Delesa (2006) a relatively high genetic advance was obtained for seed yield per plot and biomass yield per plot in Ethiopian mustard, which partially supports the result of our study. Similarly, Major and Singh (1996) studied B. carinata and had found relatively high genetic advance for plant height and seed yield. But, relatively low genetic advance was observed for number of primary branch (3.465), thousand seed weight (1.302), fatty oil content (1.764), and essential oil content (0.031). This low estimate of genetic advance as a percent mean arises from low estimate of phenotypic variance and heritability.
The existence of a strong positive correlation between seed yield and different traits can help to identify traits that could be used for indirect selection of the accessions with higher yield. Obtaining high yield is one of the breeding objectives in all breeding programs. However, yield is regarded as a complex character which is influenced by many component traits contributing in both positive and negative directions. Hence direct selection for yield is not sufficiently effective due to its low heritability; thus, it is desirable to select indirectly for improved yield.
Seed yield had positive and significant phenotypic and genotypic correlation with both fatty oil and essential oil content in this study, indicating simultaneous improvement of these traits is possible. The present study is consistent with the results reported by Delesa (2006) where oil yield was observed to have positive and highly significant correlation with seed yield in Ethiopian mustard. Diederichesen (1996) also obtained positive correlation between essential oil and foliage of the plant in coriander. Generally, traits significantly correlated with seed yield may be important yield predictors in garden cress breeding.
Generally, the existence of genotypic positive association at 1% probability level for fatty and essential oil contents with such other traits as harvesting index, thousand seeds weight, and days to maturity indicates that the higher the seed yield, the heavier the seed and the more the matured seed respectively are genetically heritable to the next progenies and give higher oil content. Therefore, these traits are genetically heritable and selection to these traits will lead to finding high yield of oil content.
The positive association between plant height at flowering and days to physiological maturity in both genotypic and phenotypic cases can indicate that the longer the germplasm collection, in height, at flowering period, the more it can get into earlier maturation period. However, the negative association between this trait and other yield and yield component characters can specify that the increase in size of the plant causes the decrease in yield. Therefore, selection for this trait cannot escort to yield improvement. In addition negative and highly significant genotypic and phenotypic correlations were exhibited by harvest index with biomass yield per plant. It also showed negative significant genotypic association with biomass yield per plot. This negative association between characters indicates simultaneous selection of traits is difficult; hence an independent selection has to be used for the improvement of such traits.
The genotypic direct and indirect effect of different traits on seed yield which was observed by the path coefficient analysis assures that these characters will be considered as most important components for selection in breeding program for higher seed yield, since a slight increase in one of the above traits may directly contribute to seed yield. In a study carried out by Uddin et al. (1995) , on Indian mustard, 1000-seed weight and primary branches were found to have high positive direct effects on seed yield per plant; which supports the result of the current study.
The result of genetic variability, character association and path coefficient analysis confirmed that the characters harvest index, days to maturity, thousand seed weight and biological yield were important in respect of genetic variability, correlation and path coefficient analysis. The greater variability in these characters could give a prime scope for the development of high yielding plants through selection in the segregating generation.
According to this study about 2400 kg of garden cress seed can be harvested from one hectare on average; which highly exceeds the yield of linseed (flax) and other oil crops in Ethiopia and the seeds contain considerable amount of edible oil, though it is somewhat spicy and pungent. Therefore, garden cress will have the most significant contribution in the area of increasing edible oil supply; if future studies give emphases on its seed oil content and DNA/gene of the plant that determine its pungency.
Conclusion
From the present study, it is clear that considerable genetic differences existed in the analyzed garden cress genotypes. The study revealed that seed yield per plant had strong and positive genotypic correlation with biomass yield per plant, harvest index and days to maturity with maximum direct effects. These three traits were the key contributors to yield per plant suggesting the need of more emphasis on these components for increasing the grain yield in garden cress. In addition, both correlation and path analysis confirmed that 1000 seed weight is the most prominent trait for the improvement of the two yields, fatty oil and essential oil contents of the garden cress seeds. Improvement in seed yield in garden cress could be brought through selection of component characters directly concerned with final yield like number of secondary branches, 1000 seed weight, biomass yield and harvest index which showed positive direct effects.
